Dual infection by Clostridium piliforme and feline panleukopenia virus (FPLV) was found in three kittens. In all cases, we found focal necrosis and desquamation of epithelial cells with occasional neutrophil infiltration in the large intestine. Large filamentous bacilli and spores were observed in the epithelium by using the Warthin-Starry method. Electron microscopy revealed the vegetative forms with characteristic peritrichous flagella and spore forms. Immunohistochemically, these bacilli showed a positive reaction with mouse antisera against the RT and MSK C. piliforme strains. Polymerase chain reaction (PCR) using cecum specimens demonstrated the 196-bp band specific to C. piliforme 16S rRNA. All three kittens were also diagnosed as FPLVinfected on the basis of the characteristic mucosal lesions, including intranuclear inclusions and PCR study for the FPLV genomic DNA. The PCR techniques are useful for confirming the C. piliforme and FPLV infection in spontaneous cases.
Tyzzer's disease has been reported in various animal species, including laboratory, domestic, and wild animals; 2 the disease was recently reported in a HIV-l-infected human patient. 13 Histopathological lesions caused by Clostridium piliforme (C. piliforme) are characterized by necrotizing enteritis or multifocal hepatic necrosis. There have been several reports of C. piliforme infection in cats, 1, 7, 8, 14 most often occurring in kittens. Immunosuppressant factors, such as corticosteroid administration, play an important role in pathogenesis. 2 This study reports on enterocolitis caused by a dual infection of C. piliforme and FPLV in three kittens.
All three cats were 1-month-old females. Two of them (cat Nos. 1 and 2) were stray cats from one location. Cat No. 1 showed emaciation and serous diarrhea before death. Cat No. 2 showed mild emaciation, serous diarrhea, and depression; cat No. 2 was euthanized. Cat No. 3 was also a stray cat, but from an area different from the other two cats; cat No. 3 died without any remarkable clinical signs. Serum antibodies against infectious agents could not be examined in all kittens.
At necropsy, mild dehydration and thymic atrophy were seen in all three cats. Cat No. 1 had mild congestion, ecchymoses, and petechiae in the serosa and mucosa of the colon. Cat No. 2 had mild congestion in the serosa of the small intestine. Cat No. 3 had congestion and petechiae in serosa of all parts of the intestine.
Histologically, all cats showed focal necrosis and desquamation of epithelial cells in all levels of the mucosa, dilation of crypts, and infiltration of neutrophils in the cecum, colon, and rectum ( Fig. 1 ). Toluidine blue, Giemsa, periodic acid-Schiff (PAS), and Warthin-Starry methods (WS) revealed large filamentous bacilli in bundles or crisscross patterns and numerous spore-form bacilli in the cytoplasm of the epithelial cells (Fig. 2 ). Cat No. 3 had filamentous bacilli in a few epithelial cells in the cecum. Avidin-biotin peroxidase immunostaining using paraffin sections showed that, in all three cases, large filamentous bacilli and spores reacted positively with anti-RT and anti-MSK strains antisera in the mucosal epithelium of the large intestine. Lesions associated with the bacilli were not seen in the liver of any of the cats.
All three cats exhibited severe atrophy of the intestinal villi and dilation of the crypts, degeneration and necrosis of the epithelial cells, and intranuclear amphophilic inclusion bodies in the small intestine. The cats also showed degenerative and necrotic lesions of the crypts and intranuclear amphophilic inclusion bodies in the epithelial cells of large intestine, as well as markedly decreased numbers of nucleated cells in the bone marrow and mild to severe depletion of lymphocytes in the thymus and lymph nodes.
Gram-negative small bacilli colonized the intestine, liver, spleen, lung, kidney, cerebrum, and bone marrow of cat No. 1. Gram-positive cocci and gram-negative bacilli colonized the necrotic mesenteric lymph nodes in cat No. 3, and gramnegative bacilli were also observed in necrotic foci in the spleen.
Using an electron microscope, we examined bacilli found in the rectal epithelial cytoplasm of cat Nos. 1 and 2 (Fig.  3 ). The vegetative forms were 300 to 400 nm in diameter, with cell walls approximately 25 nm thick; a 10-nm-diameter peritrichous flagella was characteristic. Spore forms were irregular in diameter, ranging from 600 to 1200 nm; spore coats were 90 to 230 nm in thickness.
Total RNA was extracted to demonstrate C. piliforme 16S rRNA from frozen specimens of the cecum from the three cats, and complementary DNA (cDNA) was synthesized with reverse transcriptase. After polymerase chain reaction (PCR) using the cDNA and a set of oligonucleotide primers, RJ-1 (5Ј-GTGCTAGGTGTTGGGAAG-3Ј) and RJ-2C (5Ј-TACTTTACGTAGCCTGTCAA-3Ј), 3 the 196-bp DNA fragments specific to 16S rRNA of C. piliforme were demonstrated in the specimens from all three kittens (Fig. 4) . Fresh mouse livers experimentally infected with the MSK strain of C. piliforme and with fresh cecum of a normal cat were used as positive and negative controls, respectively. To confirm the FPLV infection, we extracted DNA from paraffin sections of the cecum and performed PCR with primers FMF (5Ј-GCTTTAGATGATACTCATGTA-3Ј) and FMR (5Ј- GTAGCTTCAGTAATATAGTC-3Ј). 10 Thereafter, the 698bp DNA fragments specific to the FPLV genomic sequence were amplified from specimens taken from all three kittens (Fig. 4) . The FPLV TU1 strain was used as a positive control. 6 Fresh cecum of a normal cat was used as negative control.
Three cats showed the characteristic histopathologic lesions of FPLV infection in the intestine, bone marrow, and thymus. In confirmation, we detected the DNA fragment specific to FPLV genomic DNA by PCR technique. Therefore, we diagnosed these cats as FPLV-infected.
Large filamentous bacilli found in the epithelium of the large intestine were clearly observed in parallel or crisscross patterns and were stained positively with the WS method. Electron microscopy revealed peritrichous flagella on the surface of vegetative form bacilli, which were characteristic of C. piliforme. By means of PCR, the 196-bp bands specific to 16S rRNA of C. piliforme were detected. Immunohistochemically, these bacilli showed a positive reaction with mouse antisera against the RT and MSK C. piliforme strains. Therefore, we confirmed that the morphological and molecular characteristics of the bacilli in three cats were consistent with those of C. piliforme. 2, 3, 4, 9, 11 C. piliforme infections have been reported to be associated with feline infectious peritonitis virus 8 and feline leukemia virus 1 infection in kittens and with canine distemper virus in a dog. 12 As these viruses have been shown to be immunosuppressive to the hosts, 5 immunosuppression in our cases may have resulted from the introduction of FPLV, which was then followed by C. piliforme infection.
The mild colitis despite heavy infection could be related to a high proportion of metabolically inactive spores. 14 In these three cases, the absence of hepatic lesions and mild typhlitis may be related to the virulence of the organism and the susceptibility of the host animals.
There have been several reports on Tyzzer's disease in kittens. 1, 7, 8, 14 However, the diagnosis of the disease has depended on its morphological findings because C. piliforme cannot be grown in a cellular culture medium. 2 We used the PCR technique to confirm the existence of DNA fragments specific to the 16S rRNA of C. piliforme. 3 We also used immunohistochemistry using anti-C. piliforme antisera for the additional help in the diagnosis. These molecular and antigenic approaches are important in the diagnosis of this disease.
